Introduction
Chalcones (1,3-disubstituted prop-2-en-1-ones of the form R 1 COCH CHR 2 ) which contain methoxy substitutents exhibit potential as effective pharmaceutical agents in a number of applications, such as anticancer agents (Lawrence et al., 2006) and anti-infective and anti-inflammatory agents (Nowakowska, 2007) . It has been observed that, when methoxy groups are present in chalcones, they can act as good acceptors of hydrogen bonds, while electron-rich naphthyl rings can participate instacking interactions, and both of these properties can play important roles in orientating inhibitors within the active sites of enzymes (Mascarello et al., 2010) . In addition, pyrimidine derivatives display a wide range of biological and pharmacological properties, such as anticancer (Petrie et al., 1985) , anti-inflammatory (Sondhi et al., 2001) and antitumour (Baraldi et al., 2002) activities. Prompted by these considerations, we have now prepared and structurally characterized the title chalcone (2E)-3-(6methoxynaphthalen-2-yl)-1-(pyridin-3-yl)prop-2-en-1-one, (I) (Fig. 1) , which incorporates a methoxy-substituted naphthyl group. Compound (I) was prepared by Claisen condensation between 3-acetyl pyridine (A) (see Scheme) and 6-methoxynaphthalene-2-carbaldehyde (B).
Chalcones can exhibit two distinct reactivity modes, namely Michael addition at the C C double bond and condensation at the carbonyl group, and when these two modes are active in tandem new cyclic structures can result. Thus, for example, the cyclocondensation reactions of chalcones with simple hydrazines lead to the formation of dihydropyrazole derivatives (Fun et al., 2010; Jasinski, Guild et al., 2010; Jasinski, Pek et al., 2010; Samshuddin et al., 2010) . Following these precedents, we have now prepared the title dihydropyrimidine derivative (4RS)-2-amino-4-(6-methoxynaphthalen-2-yl)-6-(pyridin-3yl)-3,4-dihydropyrimidine monohydrate, (II) (Fig. 2) , by cyclocondensation of chalcone (I) with guanidinium chloride under basic conditions (see Scheme), and we report here the structure of (II) also. The aims of the present study are the determination of the conformations of the molecular constitutions of (I) and (II) and the exploration of their supramolecular assembly, in particular, the influence of both the naphthyl unit and the methoxy substituent on this assembly.
Experimental

Synthesis and crystallization
For the synthesis of (I), a solution of aqueous potassium hydroxide (15 ml of a 10% w/v solution) was added to a mixture of 3-acetylpyridine (0.01 mol) and 6-methoxy-2naphthaldehyde (0.01 mol) in ethanol (40 ml). This mixture was then stirred at 280 K for 3 h. The resulting solid product was collected by filtration and recrystallized from ethanol (yield 87%, m.p. 433-435 K) . Colourless crystals of (I) suitable for single-crystal X-ray diffraction were grown by slow evaporation, at ambient temperature and in air, of a solution in methanol-toluene (1:1 v/v).
For the synthesis of (II), a mixture of (I) (0.01 mol) and guanidinium chloride (0.01 mol) in ethanol (25 ml) was heated under reflux for 24 h in the presence of sodium ethoxide (3.1 ml of a 21% w/v solution in ethanol). The mixture was allowed to cool to ambient temperature and was then refrigerated overnight. The resulting solid product was collected by filtration and recrystallized from ethanol (yield 62%, m.p. 413-415 K) . Yellow crystals of (II) suitable for single-crystal X-ray diffraction were grown by slow evaporation, at ambient temperature and in the presence of air, of a solution in N,Ndimethylformamide.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were located in difference maps and then treated as riding atoms. C-bound H atoms were treated as riding in geometrically idealized positions, with C-H = 0.95 (alkenyl, aromatic and pyridyl), 0.98 (methyl) or 1.00 Å (aliphatic C-H), and with U iso (H) = kU eq (C), where k = 1.5 for the methyl groups, which were permitted to rotate but not to tilt, and 1.2 for all other C-bound H atoms. N-or O-bound H atoms were permitted to ride at the positions located in difference maps, with U iso (H) = 1.2U eq (N) or 1.5U eq (O), giving the N-H and O-H distances shown in Tables 3 and 5 . An attempt was made to establish the correct orientation of the structure of (I) with respect to the polar-axis direction by use of the Flack x parameter (Flack, 1983) , calculated using 1281 quotients of type [(I + ) À (I À )]/ [(I + ) + (I À )] (Parsons et al., 2013) , giving a value x = 0.022 (404), truncated in the CIF to 0.0 (4). Examination of the refined structures using PLATON (Spek, 2009 ) showed that neither of them contained any solvent-accessible voids. 
Results and discussion
Compound (I) ( Fig. 1 ) crystallizes in the space group Pca2 1 , but in the absence of any atom heavier than O, the Flack x parameter (Flack, 1983) , even as calculated by the Parsons method (Parsons et al., 2013) , was associated with a very large s.u. value. Hence, the assignment of the orientation of the structure of (I) relative to the polar-axis direction cannot be regarded as robust. Compound (II) crystallizes as a monohydrate and it is possible to select a compact asymmetric unit in which the two independent components are linked by two N-HÁ Á ÁO hydrogen bonds (Table 5) , so forming an R 1 2 (6) (Bernstein et al., 1995) motif (Fig. 2) . The organic component of (II) contains a stereogenic centre at atom C4 and the reference molecule was selected as one having the R configuration at atom C4. The centrosymmetric space group confirms that this compound crystallizes as a racemic mixture.
In compound (I), the central spacer unit between atoms C13 and C32 (Fig. 1 ) adopts a nearly planar all-trans conformation, as shown by the relevant torsion angles (Table 2 ). However, neither of the adjacent ring systems is coplanar with the central unit. The dihedral angle between the mean plane of the spacer unit (C1-C3/O11) and that of the pyridyl ring is 23.57 (15) , and that between the spacer and the naphthalene unit is 23.61 (13) . The dihedral angle between the two ring systems is 47.24 (9) .
The dihydropyrimidine ring in (II) is nonplanar, with ringpuckering parameters (Cremer & Pople, 1975 ; calculated for the atom sequence N1/C2/N3/C4-C6) of Q = 0.2251 (12) Å , = 106.9 (3) and ' = 352.3 (3) . The atomic displacements from the mean plane of this ring are such that atoms N1 and C4 are displaced to one side of the mean plane and the other four ring atoms are displaced to the other side, albeit all by different amounts. The best single description of the ring conformation The molecular structure of (I), showing the atom-labelling scheme. Displacement ellipsoids are drawn at the 30% probability level.
Figure 2
The independent molecular components of (II), showing the atomlabelling scheme and the N-HÁ Á ÁO hydrogen bonds (dashed lines) linking the components within the selected asymmetric unit. Displacement ellipsoids are drawn at the 30% probability level.
Table 2
Selected geometric parameters (Å , ) for (I). Table 3 Hydrogen-bond geometry (Å , ) for (I).
Cg1, Cg2 and Cg3 represent the centroids of the N11/C12-C16, C31-C34/ C34a/C38a and C34a/C35-C38/C38a rings, respectively. Symmetry codes: (i) x; y þ 1; z; (ii) x; y À 1; z À 1; (iii) Àx; Ày þ 1; z þ 1 2 ; (iv) Àx þ 1 2 , y; z þ 1 2 ; (v) Àx þ 1 2 ; y; z À 1 2 . Table 4 Selected geometric parameters (Å , ) for (II). (18) C45-C46-O146 125.24 (14) C47-C46-O146 114.39 (12) C45-C46-O146-C146 À6.6 (2) Table 5 Hydrogen-bond geometry (Å , ) for (II). (Boeyens, 1978) . The amino group in (II) adopts a markedly pyramidal geometry, with a sum of the interbond angles at atom N21 of 348 .
In the naphthalene units of both compounds, the bonds Cx1-Cx2, Cx3-Cx4, Cx5-Cx6 and Cx7-Cx8, where x = 3 for (I) and x = 4 for (II) ( Figs. 1 and 2) , are characteristically (Glidewell & Lloyd, 1984) all shorter than the other C-C bonds in these ring systems (Tables 2 and 4 ). In each of (I) and (II), the methoxy C atom lies close to the plane of the adjacent aryl ring, with displacements from this plane of 0.223 (4) Å in (I) and 0.175 (2) Å in (II). Associated with this nearcoplanarity, the two exocyclic C-C-O angles in each of (I) and (II) differ by ca 10 , as usually found in such circumstances (Seip & Seip, 1973; Ferguson et al., 1996) .
There are a number of short intermolecular contacts in the structure of (I) ( Table 3 ), but only two of these can be regarded as structurally significant. Thus, the C-HÁ Á ÁN contact involves a C-H bond from a methyl group which is of low acidity and almost certainly undergoing rapid rotation around the adjacent C-O bond (Riddell & Rogerson, 1996 , 1997 . Of the four C-HÁ Á Á contacts, all have quite narrow C-HÁ Á ÁCg angles (cf. Wood et al., 2009 ) and three of them have quite long HÁ Á ÁCg distances. Accordingly, only the contact involving atom C34 is regarded as structurally significant. The C-HÁ Á ÁO hydrogen bond links molecules related by translation to form a C(15) chain running parallel to the [010] direction. The C-HÁ Á Á(arene) hydrogen bond involving atom C34 links molecules related by the c-glide plane at x = 1 4 to form a chain running parallel to the [001] direction, and the combination of the [010] and [001] chains, each containing a single type of hydrogen bond, links the molecules into a sheet lying parallel to (100) (Fig. 3 ). These sheets lie in the domain 0 < x < 1 2 , and a second such sheet, related to the first by the action of the 2 1 screw axes at x = 1 2 , lies in the domain 1 2 < x < 1.0, but there are no significant directionspecific interactions between adjacent sheets.
As noted above, the two molecular components in the asymmetric unit selected for (II) are linked by two N-HÁ Á ÁO hydrogen bonds (Fig. 2) . These bimolecular aggregates are linked by three further hydrogen bonds, one of N-HÁ Á ÁN type and two of O-HÁ Á ÁN type ( Table 5 ). The combination of these three hydrogen bonds links the bimolecular aggregates into sheets, and each of them gives rise to a characteristic substructure (Ferguson et al., 1998a,b; Gregson et al., 2000) . These substructures allow straightforward analysis of the complex structure of the sheet.
In the simplest of the substructures, of zero dimensionality, inversion-related pairs of dihydropyrimidine molecules are linked by inversion-related pairs of N-HÁ Á ÁN hydrogen bonds to form an R 2 2 (8) motif, which is flanked by a pair of R 1 2 (6) rings built from the N-HÁ Á ÁO hydrogen bonds (Fig. 4) . 
Figure 3
A stereoview of part of the crystal structure of (I), showing the formation of a sheet lying parallel to (100) and built from C-HÁ Á ÁO and C-HÁ Á Á(arene) hydrogen bonds, shown as dashed and thin solid lines, respectively. For the sake of clarity, H atoms not involved in the motifs shown have been omitted.
Figure 5
A stereoview of part of the crystal structure of (II), showing the formation of a C 2 2 (6)C 2 2 (6)[R 1 2 (6)] chain of rings parallel to [010] . The N-HÁ Á ÁO and O-HÁ Á ÁN hydrogen bonds are shown as dashed lines. For the sake of clarity, C-bound H atoms have been omitted.
Figure 4
Part of the crystal structure of (II), showing the formation of a centrosymmetric aggregate built from N-HÁ Á ÁO and N-HÁ Á ÁN hydrogen bonds (dashed lines). For the sake of clarity, C-bound H atoms and the unit-cell outline have been omitted. Atoms marked with an asterisk (*) are at the symmetry position (Àx + 2, Ày + 1, Àz + 1).
The formation of the four-molecule aggregate utilizes fully the N-HÁ Á ÁN and N-HÁ Á ÁO hydrogen bonds, and thus leaves just the O-HÁ Á ÁN hydrogen bonds available for the formation of further linkages.
Each of the two O-HÁ Á ÁN hydrogen bonds gives rise to a chain-of-rings motif. The hydrogen bond having atom N1 as the acceptor links bimolecular aggregates (Fig. 2) which are related by translation to form a C 2 2 (6)C 2 2 (6)[R 1 2 (6)] chain of rings running parallel to the [010] direction (Fig. 5) , and that having atom N61 as the acceptor links bimolecular aggregates which are related by the c-glide plane at y = 1 4 to form a C 2 2 (10)C 2 2 (10)[R 1 2 (6)] chain of rings running parallel to the [001] direction (Fig. 6 ). The combination of these three substructures generates a sheet lying parallel to (100). The reference sheet lies in the domain 1 2 < x < 1.0 and a second sheet, related to the first by inversion, lies in the domain 0 < x < 1 2 . The mutual arrangement of the sheets within the unit cell is such that the hydrogen bonds lie towards the outer margins of the domain of x, while the 6-methoxynaphthalene units are interdigited in the central part of this domain (Fig. 7) . Despite this, however, there are no direction-specific interactions between adjacent naphthalene units, as the distances between naphthalene ring centroids in adjacent molecules are all >5 Å .
Thus, while the methoxy O atom in (I) acts as a hydrogenbond acceptor, that in (II) does not. The naphthalene substituent in (I) acts as an acceptor of a C-HÁ Á Á(arene) hydrogen bond, although that in (II) does not, butstacking interactions involving the naphthalene units are absent in both structures. BN thanks the UGC for financial assistance through a BSR one-time grant for the purchase of chemicals. PSN thanks Mangalore University for research facilities and DST-PURSE for financial assistance.
Figure 6
A stereoview of part of the crystal structure of (II), showing the formation of a C 2 2 (10)C 2 2 (10)[R 1 2 (6)] chain of rings parallel to [001] . The N-HÁ Á ÁO and O-HÁ Á ÁN hydrogen bonds are shown as dashed lines. For the sake of clarity, H atoms bonded to C atoms have been omitted. 
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Computing details
For both compounds, data collection: APEX2 (Bruker, 2009 ); cell refinement: SAINT (Bruker, 2009 ); data reduction:
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